Summary. New shock-wave (Hugoniot) and release-adiabatic data for Feo.940 and CaO, to 230 and 175 GPa (2.3 and 1.75 Mbar) respectively, show that both oxides transform from their initial B1 (NaC1-type) structures at about 70 (* 10) GPa. CaO transforms to the B2 (CsC1-type) structure and FeO is inferred to do the same. Alternatively, FeO may undergo an electronic transition, but it probably does not disproportionate under shock to Fe and Fe203 or Fe304. The Hugoniot data for the B1 phases of FeO and CaO agree with the ultrasonically-determined bulk moduli (KO = 185, 112 GPa, respectively) and with the ultrasonically-determined pressure derivative for CaO (KL= 4.8); KA -3.2 for FeO is determined from the present data. The Hugoniot data for both FeO and CaO are consistent with low-and highpressure phases having identical KO and Kh. Volume changes for B1/B2 transitions in oxides agree with theoretical expectations and with trends among the halides: -AV/V, -4 per cent and 11 per cent for FeO and CaO respectively. Also, the transition pressures increase with decreasing cation/ anion radius ratio for the oxides. The Hugoniot data show that the density of the outer core is equal to that of a 50-50 mix (by weight) of Fe and FeO (-10 wt per cent oxygen), consistent with geochemical arguments for the presence of oxygen in the core. In terms of a mixture of simple oxides, the density of the lower mantle is satisfied by Fe/(Mg + Fe) -0.12, however, arbitrarily large amounts of CaO can be present; an enrichment of refractory components in the lower mantle is allowed by the shock-wave data. Because of the relatively low transition pressure in FeO, a B1/B2 transition in (Mg, Fe)O is likely to occur in the lower mantle even if MgO transforms at 150-170 GPa. Such a transition may contribute to the scattering of seismic waves and change in velocity gradient found near the base of the mantle.
Introduction
FeO and CaO are the only major-element oxides which have not previously been studied at the high pressures existing in the Earth's mantle and core. We report the first Hugoniot Freund & Demortier 1978) . Archimedean densities of virtually all of the CaO samples were found to be slightly less than the X-ray value p o = 3.345 Mg m-3 (Table 2) . Infrared absorption spectra revealed a strong OH peak at 3645 cm-' in several 1-2 mm thick chips from the ORNL crystals, indicating the presence of Ca(OH), (portlandite) within these samples (e.g. Nakamoto 1970) . Care was taken to prevent surface contamination or hydration, and the low values of density can be accounted for by the presence of up to 2.9 wt per cent portlandite within the CaO crystals. Briggs (1977) has similarly documented evidence for a brucite (Mg(OH),) precipitate within MgO grown by identical techniques as used for the CaO crystals.
Shock experiments and data analysis Driver plates made of 2024 aluminium alloy, tantalum or tungsten were used, with fused quartz or Lexan arrival mirrors mounted on the back and on each side of the sample (e.g. Ahrens, Jackson & Jeanloz 1977) . The driver plates are impacted by projectiles whch are accelerated either by a two-stage light-gas gun or by a 40mm propellant gun. The primary measurements consist of timing the projectile velocity and measuring the shock-wave travel time through the sample and mirrors (of known thickness) by way of a streak image such as is &own in Plate 1, and schematically in Fig. 1 . Timing calibration marks are included directly on the streak image. Further experimental details are given in Jeanloz , Ahrens et aZ. (1977) and Jackson & Ahrens (1979) .
Impact velocities are measured with typical accuracies of about 0.1 per cent. The largest uncertainties in these experiments arise from reading the streak records which are interpreted from both a direct visual reading and also by means of microdensitometer scans (Jeanloz & Ahrens 1978; Jackson & Ahrens 1979) . Between 25 and 50 scans are made across each streak record in a direction parallel to the time axis, and each of the boundaries corresponding to the shock wave entering or exiting the sample or mirrors is picked at the midpoint of the maximum gradient in light intensity (Plate 1). Time resolution is strictly limited by the graininess of the film at about 0.5-1.0ns, however, the actual boundary locations are only determined to about 1.5 ns, or more, due to the fuzziness of the boundaries. This reflects, in part, the finite rise-time of the shock front.
A common difficulty arises fron non-normal impacts as illustrated in Plate 1 and Fig. 1 . The tilt of the projectile can reach up to 3-5' at impact, however the particle velocity vector is stiil oriented normal to the driver plate and the boundaries on the streak record need only be fit by parallel lines which are not normal to the time axis. Ignoring for the moment projectile bowing (discussed below), the best fit to the boundaries corresponding to the shock entering the arrival mirrors (simultaneously, entering the sample), the buffer mirror (exiting the sample) and the buffer arrival mirror (exiting the buffer mirror) is given by the least-squares solution to a set of straight, parallel lines (e.g. Draper & Smith 1966). A weighting matrix can be determined by the sharpness of each boundary crossing, however, this is usually unnecessary, For convenience, the time axis is centred at the midpoint of the slit image. The least-squares analysis gives a direct estimate of the standard error of the intercept for each boundary, which is then used to evaluate the error in the determination of the shock-wave velocity. A more difficult problem arises from bowing of the projectile, as schematically shown in Fig. 1 . This commonly occurs at velocities above about 5.7 km s-' (for Ta flyer plates) and produces a curved boundary on the streak record where the shock enters the sample. Corrections due to projectile bowing are large, up to about 15 ns (3-5 per cent of the travel time), although they only correspond to a 50-100 pm maximum flexure of the flyer plate. In reducing the data, a quadratic least-squares fit to the first boundary is found by an iterative scheme such that the slope at the centroid (intercept with the time axis) is parallel to the simultaneous least-squares fit to the remaining boundaries, which are taken to be parallel and straight. As is illustrated in Fig. 1 , the straight line approximation is not good for the first boundary when the projectile is bowed, although it is a good approximation for the remaining boundaries (only one is shown) because these are relatively short and involve little extrapolation. The shortest travel time through the sample, which determines the shock-wave velocity, is given by the time interval measured along the centred time axis. Independent experiments in which the bowing is directly observed suggest that a quadratic fit and extrapolation of the fust boundary, as used here, is adequate.
An important source of error results from non-uniform writing rate of the imageconverter streak camera used for experiments with the light-gas gun (Plate 1). Although timing calibrations are performed for each experiment, the non-uniformity in writing rate can at times be determined only to 10 or 20 per cent. In reducing the data, a timedependent writing rate is used which corresponds to the portion of the record being read.
Combining the errors just enumerated, the shock-wave velocity is usually determined to about 1 per cent (cf : Tables 1 and 2) . A standard error analysis is used (e.g. Mood, Graybill & Boes 1974, p. 181) , with most of the terms in the matrix of partial derivatives employed for the error propagation being given in Jackson & ; additional terms have been included for uncertainties in initial density. The remaining data reduction employs the usual impedance matching conditions to determine Hugoniot states (e.g. Walsh & Christian 1955); the Riemann-integral equation is applied for release-path determinations (see Rice, McQueen & Walsh 1958; Lyzenga & Ahrens 1978; (1979) for Lexan were used in this study.
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Results
The new shock-wave data for FeoawO and CaO are shown in Figs 2 and 3, and listed in Tables 1 and 2 ; both Hugoniot states and release adiabats are presented. For both compounds, there is clear evidence for a shock-induced phase transformation at approximately 70 GPa from the initial, B1 (NaC1-type) structure.
The properties of the B1 phases of both FeO and CaO have been studied extensively, in part because of the geophysical interest in these compounds (e.g. Note:
(1)
Calculated from the shock-wave velocity measured through the buffer-mirror using: 
Notes:
(1) B: MRC samples; 0:
ORNL samples.
(2) Calculated from the measured shock-wave velocity through the fused quartz buffer-mirror using: Table 3 , which also provides the values of the Gruneisen parameters used in the present analysis.
In the case. of Fe,O, the present data are in excellent agreement with the value KO,= 185 k 5 GPa measured ultrasonically by Jackson et al. (1978) and Graham & Bonczar (1978) . This is illustrated in Fig. 4 , in which the Hugoniot shown is based on the ultrasonic value of the bulk modulus, but with KA unconstrained. With the Kos thus constrained, the data require KA = 3.2 f 0.3, whereas an unconstrained fit to the three shock-wave data results in KO,= 190 f 5 (GPa), KA= 3.0 f 0.3 (Table 3 ). The isotherm corresponding to the Hugoniot is also shown in Fig. 4 , and it is evident that the earlier static-compression data (Clendenen & Drickamer 1966; Mao et al. 1969) are systematically offset from the calculated isotherm We note that wiistite undergoes a magnetic transition at about 5 GPa (Vaughan & Drickamei 1967), which may affect the comparison of the static-compression and shock-wave measure. ments. Nevertheless, the new Hugoniot data support the ultrasonically measured value of K O rather than the value derived from static compression. The initial density ( p o ) of FeO is not well determined (Table 3) because of the effect of non-stoichiometry on the lattice parameter of wiistite (e.g. Benard 1954; Katsura et aZ. 1967; Hentschel 1970; Hayakawa, Cohen & Reed 1972) .
Because many compounds with a B1 structure transform to the B2 (CsC1-type) structure at high pressures (e.g. Pistorius 1976 ), the transitions exhibited by FeO and CaO (Figs 2 and 3) might be expected to be of this type. Sluggish kinetics are not likely to seriously affect the shock data for a displacive transition, such as a B1 /B2 type (Johnson & Mitchell 1972) . Although {loo}-oriented crystals, such as used here for CaO, may transform at slightly higher pressure than { I l l } crystals due to kinetics, this is likely to be a relatively small effect (see Fritz, et al. 1971; Duvall & Graham 1977) . From in-situ X-ray diffraction a t high pressures, the transition in CaO is known to be of B1/B2 type and it begins under shock within 10 GPa of the static transition pressure ). The present data can not conclusively determine the nature of the FeO transition, however, for both CaO and FeO the transition begins between 60 and 80 GPa under shock. Although the record for experiment LGG060 on CaO can not be unambiguously interpreted, the preferred interpretation is that it documents a two-wave structure with the first (70 GPa) wave being associated with the B1/B2 transition. The alternative interpretation of that record is also given in Fig. 3 and Table 2 , and would imply a transition pressure between 60 and 70 GPa for CaO. Similarly, experiment LGG 034 (datum iri parentheses, Fig. 3 ) was only partially successful and its interpretation is uncertain.
Systematic relations suggest that B1 and B2 phases should have similar values of Kos and KA (e.g. Davies 1976) , and this is consistent with the present data for CaO and FeO. The properties of the high-pressure phases of these oxides can be derived from the Hugoniot data of Figs 2 and 3, the results being listed in Table 3 . The same approach has been used as discussed above: a third order finite-strain equation of state is found by a least-squares fit (Jeanloz & Ahrens 1980) . High values of yo have been assumed for the high-pressure phases based on the work of Ramakrishnan, Hardy & Kennedy (1979; see also Jeanloz & Ahrens 1980 ) who show that y increases significantly on transforming from B1 to B2 phases. The transformation energies (Etr -Pt,Aq;,) have been determined by extrapolation of the high-pressure phase Hugoniots to the approximate transition pressures, using the least-squares fit shock velocity (Us) versus particle velocity (up) relations given in Table 3 . The CaO data from shots LGG 024 and 033 are considered separately, below.
Because the B2 structure is a likely candidate for the high-pressure phase of FeO, theoretical Hugoniots were constructed based on the predicted properties of this structure (e.g. Jeanloz . The envelope of the family of Hugoniots thus calculated from third-order finite-strain theory and for a plausible range of parameters is shown in Fig. 2 . The high-pressure data fall within this envelope, consistent with the predicted occurrence of the B2 phase, however, they exhibit a curvature which is not seen in the calculated Hugoniots. Since the four highest pressure Hugoniot points define a straight Us-u, trend, it is not likely that a further transition occurs in the 100-230 GPa pressure range. This suggests that a higher than third-order finite-strain expansion is required, and the solid curve shows one possible fourth-order solution ( p o = 6.2 Mg mT3, Kos= 192 GPa, KA = 3.55, t2 = 1.5, yo = 2, n = 1 , Et, = 31 kJ mol-'), which corresponds to a (constrained) least-squares fit to the data. The datum at 152 GPa is not discrepant because it derives from a sample with a slightly lower initial porosity than the other samples: correcting for this effect shifts the point to the solid curve. This solution is consistent with the parameters listed in Table 3 and is used for the subsequent analysis of the high-pressure data of FeO. Whether these data correspond to the B2 structure or not does not strongly affect this analysis.
Once the properties of the high-pressure phases have been determined by a fit to the Hugoniot data, temperatures along the Hugoniot can be directly calculated (cf: Jeanloz & Ahrens 1980, and references therein). The results for CaO and FeO are given in Fig. 5 , along with recent estimates of the geotherm in the lower mantle and core, for comparison. A Debye-Gruneisen model is used for calculating the specific heat, and anharmonic contributions of higher order are neglected. CaO is in the high-temperature regime above about 80 GPa and 1000 K on the Hugoniot, whereas FeO enters the high-temperature range at 300-400 K and low pressure. The main reason for the steeper rise in temperature along the Hugoniot of CaO as compared with that of FeO is due to the significantly higher density of the latter. Nevertheless, for both compounds a direct comparison of the Hugoniot with the measured properties of the earth can be made approximately within the pressure range 100-140 GPa.
For CaO and FeO, the agreement between the expected properties of the B2 phase and the observed properties of the shock-produced, high-pressure phase is rather good. structures is expected to increase with decreasing cationlaion radii, at least qualitatively. Fig. 7 if the ionic radii for valence 2 are nevertheless used.
The high-pressure data for FeO can not be discussed further without considering what phase they may reflect. Several alternatives are listed in Table 4 , and these can be distinguished as either structural or electronic transitions; a combination may also obtain. The occurrence of a distorted structure or of an unknown structure-type can not be ruled out, but these would likely have densities similar to or less than that of the B2 phase (as in BaO); FeO would be expected to further transform to a B2 structure. Disproportionation reactions of the type discussed by Mao (1974 ), Mao & Bell (1977 , and Ringwood (1978) do not satisfy the present data, however. As is shown in Fig. 8 , combinations of Fe203, Fe30, and Fe result in densities systematically less than those of FeO at high pressures (by (1970) . Such assemblages would result in densities virtually identical with those of the B l (low pressure) phase of FeO.
We point out that such comparisons can only be quantitatively made after correcting for the effects of non-stoichiometry (as well as initial porosity and Fe contamination) in the wustite samples. This produces uncertainties due to the unknown effect of non-stoichiometry on molar volume at high pressures: we have assumed that the ratio of the molar volume for the non-stoichiometric and endmember wustite is the same at high pressures as at zero pressure. Nevertheless, the resulting uncertainties are relatively small, and our conclusions hold (qualitatively) even when all data are reduced to a non-stoichiometry x = 0.94 (such a comparison is conservative since it implicitly sets the volume of vacancies equal to zero). We also note that when porosity effects are accounted for in the Hugoniot data for Fe304 and (especially) Fe203, the Hugoniots derived for 'FeO' from mixtures of the other oxides and Fe are essentially identical ( Fig. 8 ; py = constant, as given e.g. in Davies & Gaffney 1973) .
Pressure-induced electronic transitions must be considered more speculative candidates for explaining the phase transformation in FeO since few such transitions are known among oxides. Also, there are difficulties in understanding the electronic structure of FeO (e.g. Adler 1968 Adler , 1975 Falicov & Koiller 1975) , and only crude predictions can be made, as is illustrated by the example of a spin-pairing transition. According to most estimates (Fyfe 1960; Burns 1970; Gaffney & Anderson 1973; Strens 1976; Ohnishi 1978 ) such a transition would involve a large volume change (about 20 per cent) occurring between 25 and 5 5 GPa, and involving a significant increase in bulk modulus (Ohnishi & Mizutani 1978) . This is inconsistent with the present data, and a spin transition could be ruled out except that Tossell (1976) has argued that it might involve only a 5 per cent volume decrease in FeO based on the work of Clack & Smith (1974) on fluorine analogues. This, along with Tossell's predicted transition pressure of 60-70 GPa, is consistent with the present data.
The possibility of a valence transition in FeO can similarly not be ruled out, although it would require the gap between 3d and 4s bands to decrease by about 2.4 eV (or more) as a compression V/Vo -0.77 is achieved (cf: Bowen, Adler & Anker 1975) . This would require a significantly (-50 per cent) larger decrease in the band-gap upon compression than is found in EuO (Jayaraman et al. 1974) , which only has a 1.1 eV gap at zero pressure. The density change at such a transition could be large but need not be, as is the case for EuO (-4 per cent : Jayaraman 1972) . However, the zero-pressure density of metallic FeO of 7.34Mgm-3 as calculated by Ringwood (1978) would, if correct, completely rule out metallization as the cause of the FeO transition observed in this study. Ross (1972) has argued for the validity of the Herzfeld theory of metallization which would predict an electronic collapse in FeO only at a density greater than 10.1 Mg m-3, corresponding to a pressure well above 200-250 GPa. This also suggests that the present transition in FeO is not due to metallization, although it is worth noting that the density required for the electronic collapse in EuO is itseif overestimated by the Herzfeld theory. Therefore, the possibility of either a spin-pairing transition or a valence transition in FeO can not be critically tested.
On the other hand, there is close agreement between the observed transition in FeO and the behaviour predicted for a B1/B2 transition, as shown in Figs 2, 6 and 7. Hence, the preferred interpretation is that FeO, like CaO, undergoes a B1/B2 transition, although the possibility of an electronic transition cannot be ruled out. The correlation in Fig. 7 is unexpectedly good, particularly since the relatively low ratio of shear to bulk moduli in FeO suggest that the B1 structure is somewhat less stable in this than in the other oxides (Jackson et al. 1978) ; the slight deviation of FeO from the trend is therefore not surprising. Although crystal-field stabilization has been invoked to explain the high-pressure phase equilibria among iron-bearing minerals (e.g. Syono, Tokonami & Matsui 1971 ; Burns 1976; Yagi, Mao & Bell 1978) , such an effect would tend to increase the relative stability of FeO in the B1 structure, contrary to what is shown in Fig. 7 .
The release adiabats determined for FeO and CaO in both their low-and high-pressure phases (Figs 2 and 3) are of interest in that they are generally internally consistent, with slopes less than the slope of the Hugoniot. This is not the case for many silicates which typically exhibit anomalous (steep) release paths from their Hugoniot states, suggesting the presence of a mixed-phase region or of non-equilibrium effects (Ahrens et al. 1969b; Grady, Murri & Fowles et al 1974; Grady, Murri & DeCarli 1975; .
Entropy production due to viscous dissipation can not account for such anomalous release adiabats ). The present results for simple oxides lend further confidence to the previous measurements of release adiabats, despite their often anomalous nature (see also Grady 1977) . Other than the release from 161 GPa (LGG 043), which may be anomalous, the release adiabats from the Hugoniot states of CaO are shallower than would be expected for the isentropes of a solid, Although vaporization upon decompression could explain this observation, the calculated Hugoniot temperatures are lower than the melting temperature, and other effects may be involved (Lyzenga & Ahrens 1977) . By contrast, the FeO release adiabats are quite similar to isentropes expected for solids. Also, the release paths in the mixed-phase region (e.g. 84GPa for CaO) are as expected for a momentarily 'frozen-in' transition (Ahrens et al. 1969b ; Grady et al. 1974 Grady et al. ,1975 .
The Hugoniot data for CaO at 134 and 149 GPa (LGG 024 and 033 in Table 2 , not shown in Fig. 3) have not been considered in the foregoing discussion. These data are anomalous, both in their extremely high densities and in their steep release adiabats. A misreading of the raw data would tend to result in anomalously shallow release paths for an erroneously high Hugoniot density, contrary to observation, and the errors associated with these data appear to be too small to account for the discrepancy. In fact, all of the data at high pressures in Fig. 3 appear to contain more scatter than is usual (e.g. Jeanloz , and it is possible that these anomalies reflect an incipient instability in CaO. As with FeO, an electronic collapse is expected in CaO at pressures (or densities) above those achieved in this study. However, the relatively high Hugoniot temperatures which are reached above 120 GPa might help to promote such a transition (or other instability). Speculation aside, the two high density data are considered to be anomalous, and are not further discussed.
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Discussion
Recently, the idea has been revived that oxygen may be an important constituent of the Earth's core (Ringwood 1978; cf Jacobs 1975) . Thus, one of the reasons for interest in the properties of FeO at high pressures has been in order to test its viability as a component in the core. The comparison between iron, FeO and the outer core is presented in Fig. 8 , in which the shock-wave data have been reduced to core temperatures according to the analysis given above and that in . Stacey's (1977) geotherm for the core has been used, however, the results do not depend critically on the assumed temperatures: 1500 K affects the densities by about 1 per cent, the estimated accuracy of the reduced Hugoniot data.
With the discovery of the new high-pressure phase of FeO, somewhat more oxygen can be allowed in the core, from the seismological bounds, than is implied by previous data. As is evident from Fig. 8 , both the density and the compressibility (not well constrained) of an Fe-FeO mixture can reproduce the properties of the core (ideal mixing assumed): about 45 wt per cent FeO (10 wt per cent 0) is required in combination with iron. This corresponds to approximately 28 atomic per cent 0, or nearly a composition of Fe20, comprising the liquid outer core, and hence supports Ringwood's (1978) hypothesis. Although Dubroviskiy & Pan'kov (1972) had also proposed that iron oxide is present in the core, the new shock-wave data preclude their inferred composition of 100 per cent FeO. The results of this study can not be used to critically evaluate the Fe20 hypothesis of Bullen (1973; Strens 1976) , since that hypothesis is predicated on an assumed electronic transition in iron oxide, but the present data are not exactly consistent with FezO comprising the outer core (by about 2.5 per cent in density).
In order to evaluate these latter hypotheses, it is crucial to resolve whether the 70 GPa transition in FeO involves an electronic transition or not. The shock-wave data allow considerable amounts of oxygen in the core on physical grounds (density, bulk modulus), however, the geochemical considerations (nature of bonding in the Fe-FeO system, wholeearth composition) can not be addressed. If oxygen occurs in the core, immiscible liquids may tend to form, as happens at zero pressure, unless FeO becomes semi-metallic (Ringwood 1978) . A two-phase melt would, in this case, be highly unstable due to the large density differences between the two liquids (Fig. 8) . Hence adequately vigorous stirring in the core would be required in order to prevent unmixing, unless the endmember components become more compatible at high pressures than they are at low pressures (see also Wendlandt & Huebner 1979) . Although a hypothesized electronic transition in FeO is compatible with the present data, none is required and a structural transition is quite adequate for explaining the shock-wave measurements.
An important consequence of allowing oxygen in the core is that this increases the estimated minimum temperature of the outer core, probably to about 3500K, based on the high-pressure experiments of Usselman (1975a, b; see Jeanloz & Richter 1979 , Ringwood 1978 . The upper bound for temperature is still determined by the melting point of iron, which presumably can not be exceeded at the inner core/outer core boundary.
The new data for CaO and FeO can also be applied to models of the Earth's lower mantle. For example, one of the main results discussed by Jeanloz et al. (1979) is that CaO, as a consequence of its phase transition, has essentially the same density as the mantle at pressures above 60-70GPa (Fig. 3) . Therefore, CaO is an 'invisible' component of the lower mantle in that virtually any amount can be accommodated in accordance with seismological observations. An enrichment of CaO within the lower mantle would be compatible with an enrichment in refractory components, as suggested by inhomogeneous accretion theories.
Similarly, SiOz is essentially an invisible component of the lower mantle according to the available shock-wave data (e.g. Davies 1972) . Although SiOz may have a density slightly lower than that of the mantle at high pressures (and mantle temperatures), there is significant uncertainty in the reduction of the Hugoniot data (e.g. McQueen, Fritz & Marsh 1963 , 1964 Ahrens, Anderson & Ringwood 1969a; Davies 1974) ; the difference in densities is within about 1 per cent and hence probably not resolvable. Consequently, in terms of the major element oxides, only the relative proportions of MgO, A 1 2 0 3 and FeO in the lower portions of the mantle can be constrained with any assurance. At pressures less than 60-70 GPa (depths less than about 1550 km), CaO would also be considerably less dense than the mantle, unless its B2 structure is stabilized by solid solution or unless it can enter another high density phase (e.g. Liu & Ringwood 1975) .
The new data for FeO do not significantly alter previous conclusions about the relative proportions of Fe in the mantle (Ringwood 1975) . A value of Mg/(Mg t Fe) -0.88 (+ 0.02) satisfies mantle properties for essentially any combination of MgO, FeO and SiOz, whereas slightly lower values are required for more than about 3-4 mol per cent Alz03. On the other hand, it is possible that phases with densities slightly higher than the component oxides occur within the lower mantle, thus tending to increase this Mg-value for the total assemblage. Of greater interest, however, is considering FeO as a candidate phase (rather than component oxide) of the lower mantle. Upper mantle olivine transforms to a perovskite t magnesiowiistite assemblage at high pressures, with iron being enriched in the oxide; these are considered likely to be the most important phases of the lower mantle (Liu 1976 (Liu ,1977 (Liu , 1978 Yagi et at. 1978; Mao, Yagi & Bell 1979) . Therefore, it is of interest to extrapolate the present results across the MgO-FeO solid solution series, to plausible mantle compositions.
MgO might be expected to transform at high pressure to the B2 phase, with about a 2 per cent density increase (Fig. 6) . However, shock-wave data indicate no evidence of a transition in MgO to about 120 GPa, and this has been confirmed to 95 GPa in diamond-cell experiments (Ma0 & Bell 1979). But even if MgO transforms at a pressure in excess of 150 GPa, its B2 structure could still be of significance for the mantle. Interpreting the high-pressure phase of FeO as a B2 structure, a phase diagram can be constructed for (Mg, Fe)O based on the new Hugoniot data, the systematics of Fig. 6 , and an assumed transition pressure for MgO. The result is Fig. 9 , in which MgO is shown transforming at 1978) . Although both compositional and thermal heterogeneities have been invoked to explain the properties of the Drr layer, the present data suggest that a third alternative, phase transition, could strongly accentuate slight variations in the temperature field near the base of the mantle, assuming a non-zero Clapeyron slope; the transition shown in Fig. 9 involves a density increase 6 p -5-8 per cent in (Mg, Fe)O. A comparable density contrast requires temperature variations of 5000-10 000 K, which are highly unlikely, or compositional variations corresponding to about 10 mol per cent MgO (ideal mixing assumed throughout).
The phase assemblage near the base of the mantle is unknown, but for an olivine-rich composition perovskite might be expected as the dominant phase with up to 30 vol. per cent magnesiowiistite (-15 vol. per cent for a perovskite-bearing pyrolite assemblage; see Ringwood 1975; . From velocity-density systematics (e.g. Birch 1961), this immediately suggests local velocity variations of 2-4 per cent in the D" region which could readily cause scattering. Alternatively, noting that neither bulk nor shear moduli change very much upon transforming from B1 to B2 structures (Table 3 This could contribute to the anomalous change in velocity gradient which is observed, and the need for compositional heterogeneity in the Dff region may be precluded.
Conclusions
New shock-wave data have been presented for CaO and FeO to about 175 and 230 GPa, respectively. In both cases, a phase transformation is found at approximately 70 (? 10) GPa; it is known to be of Bl/B2 type in CaO. Several candidates for the high pressure phase of FeO are allowed, but the most plausible alternative considered here appears to involve a B1 /B2 structural transition.
The shock-wave data for the B1 phases of FeO and CaO are in excellent agreement with several ultrasonic and static-compression measurements on these compounds, as well as with Modified Electron Gas calculations for CaO (Cohen & Gordon 1976) . Combining the available data allows a value KA-3.2 to be determined for FeO. Similarly, the properties of the high-pressure phases of CaO and FeO have been determined from a reduction of the shock-wave data (Table 3) . In both cases, these properties are consistent with expectations for B2 structures based on systematics.
The main application of the FeO data is towards evaluating the possible oxygen content of the core. The new data allow a considerable amount of oxygen to be present in the core, as has recently been suggested from geochemical considerations (Ringwood 1978) . However, only the physical constraints on this hypothesis can be addressed here, and establishing the nature of the transition in FeO may provide important geochemical constraints. About 28 atomic per cent substitution of oxygen in the core (the remainder being Fe) is consistent with the shock-wave data.
CaO is found to have densities essentially equivalent to those of the mantle at pressures in excess of 70 GPa. Hence it, along with SOz, is an invisible oxide component of the lower mantle in that there are no constraints on the amounts of these oxides which may be present. In terms of a model, mixed-oxide assemblage for the lower mantle only the relative proportions of MgO and A1203 versus FeO can be determined from density and bulk modulus data. More realistic candidate phase assemblages (e.g. perovskite-bearing) have similar properties, but probably require slightly less iron-enrichment to achieve mantle densities than the simple oxides. Nevertheless, the data for oxides allow a considerably different composition in the lower mantle than in the upper mantle. For example, an enrishment of refractory components in the lower mantle, as is suggested by inhomogeneous accretion theories (Turekian & Clark 1969) , is consistent with its measured properties.
On the other hand, an application of the present data to the perovskite and oxide assemblages which is presumed to be abundant in the lower mantle, suggests that a phase transition in magnesiowiistite may be of significance within the mantle. In particular, such a transition may occur within the D" region, suggesting the presence of only a simple thermal boundary layer at the base of the mantle and hence the possibility of another boundary layer elsewhere within the lower mantle. The most plausible cause of such a boundary layer within the mantle, and its requisite barrier to convection, is a major chemical discontinuity. The results of this study are compatible with, and perhaps suggestive of, the Earth's mantle consisting of more than one chemical and dynamic system. used in this study. We have benefited from discussions with I. Jackson, M. S. T. Bukowinski, E. K. Graham 
